ABSTRACT: This investigation was undertaken between August 2002 and July 2003 at a coastal station on the southern edge of the East China Sea. We found a 2-phase (warm season, > 25°C [June to October] and cold season, < 25°C [November to May]) seasonal cycle with a 10-fold variation in the growth of bacteria (heterotrophic bacteria only) and picophytoplankton, primarily coccoid cyanobacteria (Synechococcus spp.), and nanoflagellate grazing rates upon them. Growth rate in bacteria and Synechococcus spp. appeared to be affected by changes in temperature, and the nanoflagellate grazing rate was controlled by concentrations of bacteria and Synechococcus spp. The seasonal cycles of abundance in bacteria and Synechococcus spp. were a reflection of their changing net growth rates (i.e. picoplankton growth rates -nanoflagellate grazing rates), which were highest at the beginning of the warm season. During the warm season, nanoflagellates consumed an equal amount of bacteria and Synechococcus spp.; therefore, growth in both groups was affected equally by grazing in the warm season. However, during the cold season, bacteria contributed more to nanoflagellate carbon consumed than did Synechococcus spp. because the growth rate of Synechococcus spp. was low. We conclude that during the warm season a significant part of bacteria and Synechococcus spp. carbon is channeled through the microbial loop, possibly making it an important link between primary production and higher trophic levels.
INTRODUCTION
Since the early 1970s, bacteria have been recognized as an important energy and carbon source in marine pelagic ecosystems (Pomeroy 1974) . This knowledge has greatly expanded our view of plankton community structure and ecology, and Azam et al. (1983) formalized the concept of a microbial loop that recovers energy and carbon shunted from a phytoplanktonbased food web through the bacterioplankton. Bacteria are generally the most abundant component of the picoplankton (0.2 to 2 µm) size fraction, though they do not change much in density (Tsai et al. 2005) , and their numbers vary by less than 1 order of magnitude over the course of a year (Cole & Caraco 1993) . Although bacteria, generally considered to be a significant component of planktonic food webs, mediate key processes in biogeochemical cycles (Cole 1999) , the temporal and spatial change of mechanisms that regulate their biomass are still poorly understood. Experimental field studies of the relatively low seasonal variation in bacterial abundance in aquatic ecosystems have demonstrated that their abundance is tightly regulated by factors such as substrate supply (Murrell 2003) , nutrients (Billen et al. 1990 ), predation (Tsai et al. 2005) , temperature (Shiah & Ducklow 1994 ) and viral infections (Weinbauer & Peduzzi 1995) . Furthermore, due to the generally negative covariation between nutrient concentration and seawater temperature (Tsai et al. 2005 ), these observations suggest that bacterial production rates are weakly related to temperature over the summer, but strongly affected by temperature during cold months. Similarly, Ochs et al. (1995) found that bacterial growth rates were unrelated to temperatures above 14°C, which was further confirmed by Shiah & Ducklow (1994) . Their findings suggest that temperature might control bacterial growth activity during the colder months. Growth in the warmer seasons seems to be controlled by factors such as substrate supply or availability of nutrients (Keil & Kirchman 1991) . Tsai et al. (2005) found a significant diel variation in bacterial growth, but there is a lack of data on the seasonal variation in bacterial growth and of nanoflagellate grazing rates, and on factors controlling the effect of nanoflagellate grazing on bacteria throughout the year. One study (Choi 1994) , however, suggested that water temperature and prey density are among the most important factors regulating the seasonal grazing rate on bacteria by protists.
Picophytoplankton, predominantly coccoid cyanobacteria (Synechococcus spp.), on the other hand, can make up a major proportion of the phytoplankton biomass and production in oceanic waters (Olson et al. 1990) , and contribute up to 90% of total phytoplankton biomass in oligotrophic waters (Probyn 1985) . Chiang et al. (2002) demonstrated that temperature controlled the seasonal variation of Synechococcus spp. in the East China Sea. Chang et al. (1996) also suggested that the abundance of Synechococcus spp. in the subtropical western Pacific Ocean coastal ecosystem was closely related to water temperature. Moreover, Tsai et al. (2005) confirmed the results of Chang et al. (1996) and demonstrated a diel fluctuation in Synechococcus spp. abundance at water temperatures above 25°C in a subtropical oligotrophic coastal ecosystem. Our results support these conclusions, and we found bacteria and Synechococcus spp. growth to be controlled by temperature and nutrients. Wikner et al. (1990) reported grazing to be an important removal process for the picoplankton community in aquatic ecosystems; the consumption of picoplankton by phagotrophic protists has been recognized as a major pathway of carbon flow (Nagata 1988 , Dolan & 2imek 1999 , Sanders et al. 2000 , Tsai et al. 2005 . Thus, top-down controls such as grazing are thought to set limits on picoplankton biomass and abundance. In summary, the seasonal or diel oscillation in the abundance of picoplankton is controlled by 2 different processes: top-down grazing and bottom-up growth.
Bacteria and Synechococcus spp. make up the major proportion of the picoplankton community (Tsai et al. 2005) . The study on the microbial loop in the subtropical western Pacific coastal waters was limited to the abundances of the bacteria Synechococcus spp. and nanoflagellates during a series of samplings over 4 yr (Tsai et al. 2005) . Those authors, however, lacked sufficient information to discuss the seasonality of growth of bacteria and Synechococcus spp. or nanoflagellate grazing rates upon them. The present study seeks to measure and explore mechanisms controlling the annual dynamic growth of bacteria and Synechococcus spp. and grazing rates upon both groups by nanoflagellates.
MATERIALS AND METHODS

Sampling.
Samples were collected at a coastal station (25°09.4' N, 121°46.3' E) on a rocky shore of northeast coast of Taiwan (Fig. 1 ). In our previous study (Tsai et al. 2005) , we collected a series of morning (09:00 to 10:00 h) and evening (21:00 to 22:00 h) samples on the same day on a weekly basis over a period of about 4 yr (data shown in Fig. 2 ).
Samples for this study of seasonal patterns of the growth of bacteria and Synechococcus spp. and nanoflagellate grazing rates were collected bimonthly from August 2002 to July 2003. On each sampling day, seawater was collected twice, from 09:00 to 10:00 h in the morning and 21:00 to 22:00 h in the evening (local 264 Fig. 1 . Sampling site at the northern end of Taiwan and surrounding area in the East China Sea time). Water temperature was measured immediately after the sampling bucket was cast. All samples were brought to the laboratory within 30 min. Plankton abundance and nitrate. Samples for the measurement of pico-and nanoplankton quantities were fixed immediately by adding glutaraldehyde to give a final concentration of 1% (v/v). Using a 0.45 µm pore size Millipore filter as a pad to obtain a uniform distribution of cells and low pressure (<100 mm Hg), 2 ml of each sample was filtered onto a 0.2 µm pore size black Nuclepore filter to be used to measure bacterial number. Also, 20 to 40 ml samples were filtered onto a 0.8 µm pore size black Nuclepore filter to enumerate nanoflagellates. The cells left on the filter membranes were stained with 4'6-diamidino-2-phenylindole (DAPI) at a final concentration of 1 µg ml -1 (Porter & Feig 1980) , and examined at 1000× by means of an epifluorescence microscope (Nikon Optiphot-2). Bacteria and non-pigmented nanoflagellates were identified by their blue fluorescence under UV illumination. Autotrophic picoplankton (cyanobacteria Synechococcus spp.) in 4 to 10 ml of seawater were collected on a 0.2 µm pore size Nuclepore filter without staining. Cyanobacteria and pigmented nanoflagellates were identified by their orange and red autofluorescence as observed under the blue excitation light. To obtain reliable estimates of abundance, at least 100 nanoflagellates, 400 Synechococcus spp. and 800 bacteria were counted per sample. Nitrate was reduced to nitrite with cadmium wires activated by means of a copper sulfate solution, and the nitrite was converted to the pink azo dye for colorimetric determination (Gong et al. 1995) .
Growth and grazing rates. Using the differential filtration method (Wright & Coffin 1984) , we estimated the growth and grazing rates from August 2002 to July 2003. Samples were treated twice to remove predators of different sizes. A 2 µm pore polycarbonate filter was used to remove predators of bacteria and Synechococcus spp., and a 10 µm pore polycarbonate filter was used to remove predators of nanoflagellates. The filtration process was designed to exclude picoplankton grazers (grazer-free) from the 2 µm filtered fraction and allowed them to remain in the 10 µm fraction; however, when we examined the influence of fractionation on nanoflagellates, we found that about 5 to 12% of the nanoflagellate cells passed through the 2 µm filtered fraction. We determined that this number would not significantly affect our estimates of picoplankton growth rates. Each size fraction was then transferred into triplicate polycarbonate bottles to a volume of 125 ml in each bottle. Allewalt et al. (2006) suggested that the half-saturation light intensity for maximum photosynthesis of Synechococcus spp. was 70 to 220 µmol quanta m -2 s -1
. Thus, for samples collected in the morning, the bottles were incubated in a water bath at in situ temperature and under continuous illumination at ca. 150 µmol quanta m -2 s -1 for 6 h. For those collected in the evening, the bottles were incubated in darkness for the same length of time. At the beginning and end of each incubation period, triplicate samples (50 ml each) were used in our count of bacteria, Synechococcus spp. and nanoplankton according to procedures described previously.
Growth rates (μ, h -1 ) of bacteria and Synechococcus spp. were calculated based on the results from the < 2 µm filtrates, and those of nanoflagellates were calculated from the <10 µm filtrates according to the following equation:
where N i and N f are cell concentrations (cells ml -1 ) at the beginning (T i ) and end (T f ) of the incubation period in corresponding size fractions.
Microbial abundance was converted into carbon biomass (B, µg C l ) and C = estimated cell carbon content (fg C cell -1 ). Carbon contents for bacteria were taken from Caron et al. (1995) and Ducklow & Carlson (1992) , and those for Synechococcus spp. from Cuhel & Waterbury (1984) and Børsheim & Bratbak (1987) (see 'Discussion'). Also, a value of 220 fg C µm -3 for nanoflagellates (Børsheim & Bratbak 1987 ) was used to estimate carbon biomass. For cell volume of nanoflagellates, linear dimensions (length and width) of at least 20 cells were measured in each sample, and cell volume was calculated as an elliptical sphere.
Production rates (P, µg C l -1 h -1
) of bacteria and Synechococcus spp. were estimated from the < 2 µm filtrates using the following equation:
where B i is the in situ cell biomass (µg C l -1 ) at the sampling time.
Consumption rate of nanoflagellates (G, µg C l -1 h -1 ) on bacteria and Synechococcus spp. was calculated according to the following equation:
where (P pico ) 2µm and (P pico ) 10µm are the production rates
) of picoplankton (bacteria and Synechococcus spp.) in the < 2 µm and the <10 µm filtrates, respectively.
Then, the ingestion rate of nanoflagellates (I, cells
) on bacteria and Synechococcus spp. was calculated according to the following equation:
where C = estimated cell carbon content of bacteria and Synechococcus spp. and mean flagellate was estimated using the following equation (Gurung et al. 2000 ) was calculated by dividing the ingestion rate by the concentration of bacteria or Synechococcus spp.
RESULTS
Seasonal patterns of bacteria, Synechococcus spp. and nanoflagellates
Surface water temperature at our sampling site averaged 16°C in March and increased gradually to 29°C in June, stabilized from June to September, and then decreased thereafter. Water temperature was constantly above 25°C from June to October (warm season) and below 25°C from November to May (cold season). During the warm season, daytime temperature was generally 0.5°C to 1.5°C higher than nighttime temperature. Salinity ranged from 33.1 to 34.3 psu annually. A drop in salinity level to below 34 was probably caused by rainfall. Monthly average of nitrate concentration was highest between November and May, when it reached 12 µmol l -1
. From June to October, average nitrate concentration decreased to about 1 µmol l -1
. There was also a similar seasonal cycle in abundance of bacteria, Synechococcus spp. and nanoflagellates (Fig. 2) . High abundances of bacteria, Synechococcus spp. and nanoflagellates were always observed during the warm season throughout our 4 yr investigation. Bacterial abundance ranged from 0.2-0.4 × 10 6 to about 1 × 10 6 cells ml -1 . The abundance was maintained at a relatively high level from June to October ( Fig. 2A) and then values dropped drastically and fluctuated between 0.2 × 10 6 cells ml -1 and 0.6 × 10 6 cells ml -1 from November to May. Abundance of Synechococcus spp. was low (0.2-0.7 × 10 4 cells ml -1 ) during periods of low temperature (January to March). When temperature rose above 25°C at the beginning of June, Synechococcus spp. increased to 5 × 10 4 cells ml -1
, which was maintained until October. Between June and October, the abundance of Synechococcus spp. was always higher at night than during the day, especially in July and August (Fig. 2B) . However, the seasonal variation in abundance of the total nanoflagellates was similar to that of bacteria, > 2 × 10 3 cells ml -1 between June and October and <1 × 10 3 cells ml -1 between November and May (Fig. 2C ).
Seasonal changes in growth rate of bacteria and
Synechococcus spp.
The growth rate of bacteria ranged from 0.005 to 0.062 h -1 during the day and from 0.001 to 0.031 h -1 at night (Fig. 3A) . During the warm season, daytime growth rate of bacteria was higher than nighttime growth rate (paired t-test, p < 0.05). The maximum growth rate occurred during the warm period (Table 1) . Furthermore, there was also a clear positive relationship between bacterial growth rate and temperature between 16 and 25°C (Fig. 4A) , though a further increase in temperature may not result in higher bacterial growth.
Growth rates of Synechococcus spp. ranged between 0.003 and 0.046 h -1 during the day and from 0.005 to 0.058 h -1 at night (Fig. 3B) . The seasonal and diel cycles of growth rate in Synechococcus spp. were also high between June and October and low during the other period. However, in contrast to bacterial growth rates, the growth rate of Synechococcus spp. was somewhat higher at night (paired t-test, p < 0.05) (Fig. 3B) . We showed that a linear relationship exists between Synechococcus spp. growth and temperature (Fig. 4B ).
Seasonal changes in grazing rate of nanoflagellates on picoplankton and clearance rate of bacteria and Synechococcus spp.
Grazing rates on bacteria by nanoflagellates between August 2002 and July 2003 ranged from 0.004 to 0.063 h -1 during the day (Fig. 5A) , which was generally higher than at night (0.002 to 0.030 h -1 ) (paired ttest, p < 0.05), and higher between June and October (August to October 2002 and June to July 2003). A similar seasonal variation was found in Synechococcus spp., generally with a higher grazing rate when water temperature was high (> 25°C) (Fig. 5B) . However, in contrast to nanoflagellate grazing rates on bacteria, the grazing rates on Synechococcus spp. were higher at night between June and October (Day: 0.014 to 0.03 h ) (paired t-test, p < 0.05). Our plots of ingestion rates of nanoflagellates against prey concentration (bacteria and Synechococcus spp.) indicate that nanoflagellate ingestion is sensitive to prey concentrations (Fig. 6) .
Overall, our results show that clearance rate of bacteria by nanoflagellates is responsive to increase in bacteria abundance (Fig. 7A ) and was somewhat though not significantly higher during the day (Fig. 7A) . As indicated in Fig. 7B , the clearance rate in nanoflagellates of Synechococcus spp. below 5 × 10 4 cells ml -1 is higher at night than during the day.
Comparison of picoplankton growth and nanoflagellate grazing
Regardless of day or night, there was a strong inphase 1:1 relationship between bacterial growth and nanoflagellate grazing (Fig. 8A ). High growth rates corresponded with high grazing rate on bacteria (paired t-test, p > 0.05). As for Synechococcus spp., growth rate was higher during the day (Fig. 8B ) (pair ttest, p < 0.05), and, unlike the bacteria growth rate, it was not in-phase with nanoflagellate grazing rate. Further, the monthly average net growth rates (picoplankton growth × nanoflagellate grazing) of bacteria and Synechococcus spp. indicated a clear seasonal pattern (Fig. 9) , with the lowest rates occurring in November, and the highest in April and May. On the whole, net growth rates of bacteria and Synechococcus spp. during the warm season were negligible (< 0.005 h -1 ), so growth in this season was probably balanced by losses to nanoflagellate grazing (Fig. 9) . 
DISCUSSION
This is the first report to describe diel variation in growth of bacteria and Synechococcus spp. and grazing rates upon them by nanoflagellates throughout a full year at our study site. We found that bacterial and Synechococcus spp. growth rates in this subtropical coastal ecosystem ranged between 0.005 and 0.062 h -1 and between 0.003 and 0.058 h -1 annually, respectively (Fig. 3) . Nanoflagellate grazing rates on bacteria and Synechococcus spp. ranged from 0.004 to 0.063 and 0.002 to 0.076 h -1 annually, respectively (Fig. 5) . We compared the picoplankton growth and nanoplankton grazing rates reported by different authors from different oceanic waters using different methods (Table 2) . A wide, mostly seasonal, range in growth and grazing rates was evident. While each one of these methods, e.g. size fractionation, has inherent advantages and limitations, some values may be underestimated if the predator-free environment (< 2 µm) is taken into consideration, as the grazing activity of protozoa may stimulate bacterial growth (Chase & Price 1997 , Gurung et al. 2000 , Metzler et al. 2000 . However, Gasol & Moran (1999) had an opposite view and showed that the size fractionation method may cause cell damage, which may then increase the amount of dissolved organic matter present, inducing a possible increase in bacterial growth. In addition, Sherr et al. (1992) indicated that the grazing rate on picoplankton showed an overestimation because of the trophic cascade effect. These sources of error in commonly used methods have been extensively discussed in previous papers (Chase & Price 1997 , Gasol & Moran 1999 . However, it is often difficult to identify specific sources of error under individual incubation conditions. In our study, the ingestion rates were mostly in the range of 2 to 75 bacteria flagellate -1 h -1 and clearance rates were from 7 to 98 nl flagellate . Another study showed that the ingestion rate was 11 to 67 bacteria flagellate -1 h -1 (Vaqué et al. 2002) . In contrast, the highest ingestion rates and clearance rates of nanoflagellates on Synechococcus spp. in our study was about 10 Synechococcus flagellate , respectively. This value is higher than that reported by Kuosa (1991) . From these results, the maximum ingestion rate of picoplankton by nanoflagellates in our study did not significantly differ from values reported in other studies. Our results show that growth of and grazing on bacteria and Synechococcus spp. in the microbial loop has strong seasonal oscillations. Values in our study are within the range of those reported in the literature (Table 2) .
Growth of bacteria and Synechococcus spp. and nanoflagellate grazing rates
The seasonal variations in the growth of bacteria and Synechococcus spp. and nanoflagellate grazing rates upon these picoplankton are generally correlated with environmental factors that limit the rates. Experimental field studies have identified resources (organic carbon and inorganic nutrients) and temperature to be the main factors limiting the growth of bacteria and Synechococcus spp. (Carlsson & Caron 2001) . The day and night growth rates of Synechococcus spp. were strongly related to temperature in our study (Fig. 4B) , which suggests that the seasonal variation of Synechococcus spp. growth is controlled by seasonal fluctuation in temperature, a conclusion that has been demonstrated by previous studies (Agawin et al. 1998 , Murrell 2003 . Moreover, other factors, such as light, can modulate the growth of Synechococcus spp. In our study area, the daytime mean light intensity was 729 µmol quanta m -2 s -1 during the warm season, and 98 µmol quanta m -2 s -1 during the cold season (K.-P. Chiang unpubl. data). According to Allewalt et al. (2006) the saturation level of light intensity of Synechococcus spp. is 70 to 220 µmol quanta m -2 s -1 . Based on this value, our incubation at 150 µmol quanta m -2 s -1 should not generate growth rates that deviate far from field values for Synechococcus spp. Moreover, in our study, the in situ bacterial growth occurred over a wide range of temperatures between 16 and 29°C and was poorly correlated with temperature beyond 25°C (Fig. 4A) . This temperatureindependent range of bacterial growth was higher than the ranges reported by Shiah & Ducklow (1994) and Carlsson & Caron (2001) . Shiah & Ducklow (1994) found that temperature was not an important determinant of bacterial production rate when above 12°C, and Carlsson & Caron (2001) suggested that when less than ca. 20°C, temperature played a more important role than did substrate supply in limiting bacterial growth. The higher temperature-independent range at our study site is probably due to higher annual range of water temperature.
Because most studies have not focused on the seasonal variation of nanoflagellate grazing rates on bacteria or Synechococcus spp., the mechanisms that regulate the seasonal variation of grazing rates are still poorly understood. An examination of our field data indicates a positive relationship between nanoflagellate ingestion rate and the abundances of bacteria and Synechococcus spp. (Fig. 6) . Some studies consider water temperature and prey density to be among the most important factors regulating the seasonal ingestion rate of nanoflagellates (Choi 1994) . However, in our study, these correlations were weak between observed grazing rates on bacteria or Synechococcus spp. and water temperatures (data not shown). From our results, we conclude that the ingestion rate of nanoflagellates is most probably affected by the concentration of bacteria and Synechococcus spp. (Fig. 6) . A similar conclusion was reported by Landry etal. (1984) and Nagata (1988) .
From the present study, we know that the seasonal cycle of picoplankton growth and nanoflagellate predation are controlled by different mechanisms (Fig. 10) . The growth of picoplankton (bacteria and Synechococcus spp.) is controlled by temperature in the cold season, but in the warm season, the control factor of Synechococcus spp. growth is temperature, and that of bacteria is substrate supply. The variations in nanoflagellate ingestion of bacteria and Synechococcus spp. follow the changes in prey concentration.
Seasonal changes in the abundance and net growth rates of bacteria and Synechococcus spp.
If bacterial production is not balanced by grazing, other sources of bacterial losses, such as cell death, viruses and sedimentation (Pace 1988) , may account for the imbalance. In our study, an apparent balance between bacterial growth and grazing suggests that nanoflagellates are major consumers (Fig. 8A) . 2imek et al. (1990) observed that ciliates contributed an aver- ). The controlling factors of growth are indicated within the ellipses. Arrow thickness represents the level of production or grazing rates age of 71% to the total protozoan bacterivory and balanced bacterial production in the summer period. However, the importance of ciliates in our study is not certain because their numbers are so low . also reported that ciliates account for the removal of only about 3% of Synechococcus spp. production. Thus, the potential effect of nanoflagellate predation on the removal of picoplankton in our study appears to be substantial. The dynamics of the bacteria and Synechococcus spp. community were affected by both growth and grazing rates. In this study of subtropical coastal waters, the abundances of bacteria, Synechococcus spp. and nanoflagellates clearly varied with time, with higher abundances occurring during the warm season (> 25°C). However, the seasonal variations in picoplankton growth rate and nanoflagellate grazing rate showed a phase shift of 1 mo (Table 1) . In fact, seasonal cycles of bacteria and Synechococcus spp. abundances are a reflection of the changing net growth rates (growth rate -grazing rate). The highest net growth rate for both bacteria and Synechococcus spp. occurred from March to May (Table 1 , Fig. 9 ), when abundance was at its lowest and the temperature began to rise. During this period, the abundance of the bacteria and Synechococcus spp. community sharply increased. Abundance peaked in June and then net growth gradually decreased and finally approached zero in October. During this period, the abundance of picoplankton remained at a high and stable level. Later, because the temperature dropped after October, the net growth rate was negative, while the bacteria and Synechococcus spp. abundance also declined (Table 1 , Fig. 9 ). Based on these findings, the observed seasonal variations in abundance can be explained by the following scenario in which both water temperature and nanoflagellate grazing influence the dynamics of the bacteria and Synechococcus spp. community. In addition, the grazing effect is controlled by prey concentrations. During the change from cold to warm seasons (March to April), the growth rates of bacteria and Synechococcus spp. increased with increasing temperature, while the nanoflagellate grazing rate was low due to low concentration of prey, resulting in a gradual increase in the net picoplankton growth rate (April to June). The increase of net growth rate caused increases in their abundances. When abundances reached the peak in June, the growth rate and grazing rate were in balance, and the net growth rate approached zero. When prey concentration and temperature gradually decreased in the later part of the warm season, the rate of grazing upon them increased and exceeded their growth rate, and their net rate of growth became negative. Hence, the abundance of bacteria and Synechococcus spp. gradually decreased.
Seasonal pattern of carbon flow in the microbial loop
In this study of a subtropical coastal area, we found a significant difference in bacteria and Synechococcus spp. community dynamics between the warm (> 25°C, June to October) and cold seasons (< 25°C, November to May). During the warm season, there was diel variation in the growth of bacteria and Synechococcus spp. and nanoflagellate grazing rates (Figs. 3 & 5) . This phenomenon was caused by nanoflagellates that largely depend on bacteria as an energy source during the daytime, but depend on Synechococcus spp. at night during the warm season. In contrast, diel variation was not found during the cold season. We believe that the different ecological characteristics occurring in these 2 seasons are driven by 2 types of carbon flux patterns.
Nanoflagellates are now known to have the potential to regulate the production and abundance of picoplankton and are, therefore, thought to play a key role in the transfer of picoplanktonic carbon to higher trophic levels (Hahn & Hofle 2001) . In our approach to evaluate how the dynamics of bacteria, Synechococcus spp. and nanoflagellates affect the energy flow in the microbial loop, growth and grazing rates were converted to carbon fluxes. Carbon contents for bacteria were taken from Caron et al. (1995) (15 fg C cell -1 ) and Ducklow & Carlson (1992) (20 fg C cell -1 ), and those for Synechococcus spp. were from Cuhel & Waterbury (1984) (294 fg C cell -1 ) and Børsheim & Bratbak (1987) (250 fg C cell , respectively (Fig. 10A ). For Synechococcus spp., the ranges of production and grazing carbon fluxes were 0.58 to 0.68 and 0.60 to 0.71 µg C l -1 h -1 , respectively (Fig. 10A) . The bacteria and Synechococcus spp. fluxes of production and grazing were lower during the cold season and higher in the warm season (Fig. 10B) . For bacteria, the production rate and grazing carbon fluxes dropped drastically and fluctuated between 0.02 and 0.26 µg C l -1 h -1 and between < 0.01 and 0.21 µg C l -1 h -1
, respectively. For Synechococcus spp., the production and grazing carbon fluxes dropped to a low level in the cold season, with ranges of 0.02 to 0.023 and 0.03 to 0.04 µg C l -1 h -1 , respectively (Fig. 10B) . Based on these findings, we conclude that both bacteria and Synechococcus spp. production and loss from grazing show a balanced situation in which bacteria and Synechococcus spp. production can be completely consumed by nanoflagellates within the warm season. We also found that bacteria contributed more to nanoflagellate carbon consumed than did Synechococcus spp. during the cold season because the growth rate of Synechococcus spp. was low. From these results, we postulate that bacteria and Synechococcus spp. are equally important energy sources for nanoflagellates (BoissonneaultCellineri et al. 2001 , Callieri et al. 2002 during the warm season. During the cold season, however, bacteria are the major food source. This trend was also demonstrated by Christaki et al. (2002) (Fig. 10A,B) . We conclude that during the warm season a significant part of bacteria and Synechococcus spp. carbon is channeled through the microbial loop, possibly making it an important link between primary production and higher trophic levels. 
